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(57) Abstract: An exposure apparatus, 
wherein an exposure of a substrate 
(P) is carried out by filling at least a 
portion of the space between a projection 
optical system and the substrate (P) with 
a liquid and projecting an image of a 
pattern onto the substrate (P) through 
the projection optical system and the 
liquid, comprises an air-bubble sensor 
(20) for sensing air bubbles in the liquid 
between the projection optical system 
and the substrate (P). Consequently, the 
exposure apparatus enables to suppress 
deterioration of a pattern image caused 
by air bubbles in the liquid when an 
exposure is carried out while filling the 
space between the projection optical 
system and the substrate with the liquid. 
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*K3fe^jR (PL) (P) tOWCD»f* (5 0) O^S^r^tb-rS^ 

S^ili^M (2 0) Ji (EX) tffttt^tiS. 

1^3^ h h ©F£ IH # *iT t > S SfcteWJi. L <h* -5 £ &tb iJ- 3 :: £ 

£ ftp x § d t #Tf # 5 0 
*56B.§a)»3©S8«llSt«ili x &Jg£3&* (PL) (5 0) tZifrLT 

t!T8BB^(D3teB^(Z£I^Sft#^CD«^«ttm^«ftf«:M£li% (70)* 
fiix.£Bdte£EB (EX) 3&«att**iSo 

»f*«a^T?B3t3te©3feK4«l3*jl±SSCf*:SB^a>^J|ft*«ill 

*©3tK4»l3Sli*ffl»A^tx3^&«gIgLfe±7?S«i(DB3tfeM^T#Sfea&, 

*ftW©J&4©JBt*fctfc*li s tft«^« (PL) (5 0) t^LT 

B3Bfe&aas (P) IZB»Lr«rtBai«*Bifer*B*«1lTfcoT-, 
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B^-TS^, *»MJ4CtiHRR^*ti«:Uo 111(4, *%BJiG)B3teS&a>-5ti&g 

HI (3*Jtxr,S^gEX(4, ?7^M^n?X^f-vMST^ 
i> T * ^> M fcB3Bfc E L TJRtf r 3 JSiHftge* I L t , ft ftjfe E L t?JB|bj§ £ ft£ 

t^^m(d/^-xd«*»«^-s;p sTizat»*nru*aMEPiiaKB 
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ZdT, **ftfl&»T?li % £^gEX£LTT**M£gt5Ph£j£2;fr,aj 
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*Y«|^fR|fc1-So ££x X$4 S Y«k atfZU|**)t)^filfc*tl**l. 

0X. 0Y. Z^[fi]i:t-So fcfc. rgjgj |£^-ft^x/\± 

BSBJ^^ I Lli. ?7^^f-i?MS Tl^ftSJiTUS v'^^M^S^ 

(;M2 4 8 nm) ^GDi83!^ (D U V^fe) ^ N A r Fx+v7U-+f3fc 
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HfBl'J^lHllEorftgTfe^o 77^7f-v'M S Tfi'J -T^B-^^CDy'X^X^- 
^8»81M S T DIZJ: Offitt^tiS o * X-?- 5>'«gtb1£SM S T D l*®m 
mmCO N TIZck 0»J(Bdti*-o ^^f-yM S T±CD "7 3. 5 MOD 2 ;*te£ 

mmmwiC 0NTiz&ti$ti2> 0 mmmmc o n Tiau— \f*F&H<Dtmmm 
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SUB3t^3RPLtt<f«3R»U t tt*»fl>^r*LTtiJ:Uo *lfeJSJBJB©^ 
mPLCJfeilM (SlSPfflfl) Tfe^fl^- (U>X) 6 0 *«gt«i P K «k 0 

S&X^-vP STIi> *SP^t5fe©-Cfe5Tv S*5P£S*S*;U** 
§^U§^tSZ7f-v5 1 hx Z7f-v5 1 ^nXY7f-v5 
2 XY7f-v5 2£3drri>^-X 5 3 t£fix.Tl>?>o Sfi7f-vP 
S TI4U =7^- ^-$/"ffitt£*P S T D 13 4 '9Sg$)c**i£>o 
^x-2/*K«l««P STDIiftJffll^figCONTlZlJ: QUmZtiZo Z7f-v5 

1 ^lEgj-rsziiifZcfcOv z^f->5 1 i3«^**iT^ss«pa>z»!i^ic 

X Y7f-v5 2*mW}-f2>ZlilZ.&r), gffiPCDX Y^fqJlUfcttatMl 
Z7f-v5 1 |* x *«PflD'7*-*X{i«XU c Wl^S:«iJffllLT"««iPa>*li 
^*>-&a*x XY7f-v5 2 143*45 PODXtt^lfil^VYtai^lRjIZlfelt^fita* 

li^f-vP S T (Z^f-y5 1 ) ±I3I4, il^f-vP S Thttlc 
M^P LII^UT^ibt-S^ij!j^5 4#»l*&*iTHS 0 £fcx *£»8t5 
4litffilf SiMfcttU — *fT8MN-5 5*<IS!lte>*iTUSo «SXf-vPST 

-f ATttaH^Jll* I+)l'J^I4$iJ^gC O N Tl3di^v*tii>o #J8P£tgC 0 N T 
l2U--tfT>$lt5 5©«-j»je*l3acy^TS45X7— i>*gg»S«P S T D£|&tb 
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^PLCDS^PfS'J©^^ (U>X) 60CD^E5 (Tig) 7 iKDmiZpfr&CD 
»f* 5 0 £ tl5 o ±3! L £ «fc 5 (3, &f^^ P L CD$t«iJl3li L >X 6 

CltiKl.t'K ^JSA^^i.^PK(DJgt4^^±^^T^5 >0 ^H^ejlzfc 
i ft) r Fi+v7L,-tf3fe (i!2 4 8 nm) $?0>38$gfl^ (DUVJt) 

#5o*isiJRr5*fWHiJttM2fc*«tiLTu*o 1 1*« 

* p Li:St5PiKDP B ^(D^75:< t 5 0 T/tTc^^toCDt ODTrfeoT, 
S&f*5 0fcJWr3*>*. 40ffi<K>7&irft«iTUfto iftttft&litt 1 Kit* 

3 m*w 3 a>itmmzi*mt ; xn,4imm*tiT 

U5o ^ftlSgil littllf 3 4 LTgdll 5 6 iZteteS 0 
»3fc««EX*UfcS£ftTli3^*>;frt©iM (^J^(i - 2 3°C) tfsl^l'iS 

iziiisiJjR y x;u 5 *it t \ i> 0 ^sijx^s 21*®®; xn 5 Stf®^ 

6&^LT:ffiH5 6©}«f*5 OfelaJiR-rSo £Pb1 5 6 d^ft; 5 0 &>»fc*-|*s «J 
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mmmc ont 1 zm® u . m&m 3 rv&*s xjia^lt 

5 e izn LT+ommx tz y> m&mamit 5 0 *tt*r ztt^iz, 
wmm 2 « nn l N gun y 5 atriajift« 6 T^&n#fa^ £ *> 

«Pfc©M©£RB5 6l:a#5 0 tiSe 
«3t««EXtt. ttEft?ftPL£££P£0McD£U5 6©a#5 0«t>CDg 

*^fl*ji3*a3-r5fea)T?*0x suns 6CD»ft:5 o iz&a&t*&*tr zmtm 

2 1 h^FI 5 6 (CM 5 0 bO^^^t 2 2£*ffiz_Tl\2> 0 

suns 6©»#5 oi3*aj3fe*aatr*. »a<r*2 1 « N jug^PLoxi 

AXlZ»LT^P(D«^Tfe*X«*eil3I|tnfctt«^6«aiJfeftaKBEP 
©MfzWLTlftttrSo *^16JKJISTtt. mt&2 1 liSf*^* P L Oft** 
A X fZ*fr LT- X ^fSjl3HtLfc{iSl3lSlt 6tL. §^2 2 te&I^^m p LCD 

IH2li x «3tM E X P L ©Ttt. ^$^11 &Cf«#EIJR 

«©U>X6 012. ^iroSP 6 0 AW7£&1jfalZ!&mtj:$lftleii-*J£LTYt&l3fa 

(imrnxfa) izm&i\mmmzm&$tiT^% 0 ^mm^mizit, ftft&eo 
A(Dm.Tcomw^(D^mmp Aiz^xc>M(D-^(D^^->^>t)^s:^ti, 

©ICBIWLT^ XYXf-v5 2^LTS<SP/,< + X^ (Xli-X^lRj) 13 
**7&CU a«EP©^7 : ytf>ytJ:^T^©2/3v h 1l(J«ft<££ni&{ftttf;:«t 
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S3 li N fiK^P LCDU>X6 0©7tSSP6 0 Ah. ^5 0$Xi73|fi] 
IIilSt5tt^/X^4 (4A-4C)t>M5 0 £ IeI 4X^31°] US y XJU 5 ( 5 
A, 5B) t <Di£^H8#£7j^lDT& So 113(3:23 1 it v U >X 6 0 (D^gp 6 
0 A£DJ^^t^ttY$4^■fS]l3$ffl^t^^§^h^t5Tfc'9, P L (73 U > X 6 

0(D$fc$isgp6 0 A^Xfft^[R]l3^t;«i;ol3. + X IjfaMlZ 3 o<D#t*£ y X)l 4 A 
~4C#IBm£ft. -X^fS]fliJl3 2ocD[oli|xy XJU 5 A. 5 Bfr*IBM£ftTU3o 
^LT, i|&;X;UA~4C 3 ^7>bTMt^gf 1 lH&^i* ft. 

[hWJ^ XJU 5 A . 5 Bli[5Ji|X < l4$:^UT^[nJi|X^S2l^ii^fti:iNi, 0 £ 
m^yX)\,4 A~4 ChlsWXy XJU5 A. 5 B ^^^§[$6 0 A <D4 : "lM::*>^■ 
UTIl^g1 80° [£]teU7i&MJ's i$^7Jl-8A~8Ctv S XJU 9 A . 9 
B hfr'iBM^ftTl^&o £*$£/X;U4 A~4 C hlHliS^ X>»U9 A. 9BtliY|i 
^ftllSSSlZlIE^ft. ftlo/' X)l 8 A~8C iilHl^^ XJU 5 A. 5 BhteYft] 
^fnjlz:3^Sl3iB?iJ^ft. X;U8 A~8CI*ftt^1 0^?>LT^fti^ 

mMzmm$*i, @i|X/XJb9A, 9BI±H]i]R@1 1 ^^UT^@iK^g2lZ 
}g*rc£ftTU£> 0 

^EPXa (H]3#as) Tr^lh^^fR] (-X^[S]) P ^f$i!)^-t±T^S 

BSte&fr -3 3 . i^^XJUA-4C, ls)i]X@4. RtfEM*/ 

XJU 5 A. 5B*lMTx Jft^tttlS 1 ^t^^[H]iR^g2(3«k 9 ^#5 OOD 

^♦&»T/lHliR*<fT*)ftSo -*-&*)*s S*5P*<-x^fB]iz:^ibl-?)(^i3:ii N 

m3RV&te;Z)\,4 (4A-4C) &5>LT^ttte8t1fr6{|flt5 0tfa 

fimPL ^s*5P tarsizm&ztiziiii&iz, snx/x^s ( 5 a, 5 b) . 

JRtfEliRW 6 LTT>«ft: 5 0 #;$f*lH]iJX£lg 2 (ZHsMXj* ft. U >X 6 0 tS« 
P £(Dffl&mtz-f£ J DlZ-Xl5\SHZ%lte.5 OtfjffiftSo — ^> ^EPXbT^r^ 

^/x;u8 A-8C, EWxtti 1 x sz/fDjiix/Trjug a. 9 B^fflur, 

ftttgttl St/^lsliJX^S2lz:«fci9^5 OO^STJIsJilX^feftSo rfe 
S^P^+x^fB]iz:^ib-r5l«lii±. fttef 1 0 ^ XJU 8 (8 A 
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I^te**i5th«fel3 x @JRyX;i,9 (9A N 9B) x SMf1 1 £*M,T 
5 0 fi<»*E)i|K|ftB 2 IZEiR**u U >X 6 0 ta^E P fc©M*»fcr J: 5 

t+x*fiit»flK5 o*«at*i*o ztDctai^, $'j^^scoNTii N 

n-*|qltj»#5 0fe2iro «ili»ft:tt*&Sll1^6«tteyX^4 
LT«tt**i4»# 5 0 I4WSEP©- X^^(D#ifc|3#oT3g|IB 5 6 |;?| 

t*#5 0«M5 6l3S»tttttT** o *LT, a^l:«|;T)t«SO 
*«««l*«0»x*3fcl3J:0s + X*fik Xtt-X*fi<D**>&©*flK: 
£4K P *r»r , U >X 6 0 CD$feiS® 7t«tSP 5 0 T 

* 2 2 liSK^m P L CD U >X 6 0 ©fcSKSP 6 0 A . "S-ftto^iftK*^* P L 
P ±t * It »tWf»< P A « X MZrftc:* c j: a |» |* 6 ^ T t > * 0 ^ 
*2 1 tt x YH»Al:M«W0)ttlM2 1 A^Llfc^ *ti?*i®&|*tt 
2 1 A*v&afc«Plz»LT*dJ*A«iftlt*ti*. «ftO)ttm2 1 A^&tftttd 

&«t^2 1 CD&£fgB2 1 AI3»JSr**tkflD*%aJ2 2A^tU 

«^litt*#5 OfcaaLT*«P(D*lB-CK»LxS3taJ2 2AT^*i5 e 

*ifc«3t»2 2B. 22Ct*LTl»*. *#*l3ftJttWftrs»$fz. 
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(D U >X 6 0 ©ftSggp 6 0 A CKttJ-SfM (ttg*** P L ®ft£f|« p A ) 

e o (D«M e o a tmm Ptvrn. mtifPiffljoiJ, p a cjtet 

*«.*«*ft«^SJlfc*aHT?*0,ia7 (b)li H 7 (a)©™H7ffeft 0 
■ 7(a) ll^r^^lz, Wxtffcttiife*:*** ?a>*X®Sft< 
ttP±lZ**fttt£b*|* H7 (b) c^«i:x*w (ttM) 

X*&fll:«t*lSP±(DWl 8 m>^1 8(iSD1<Z>tttt 

^ P L*tf*# 5 0 i^LTlfi P izmXTZ^miZ^ ixTH 5 CD? □ - * 
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M<D/1* P L»lf»# 5 0^ LTlfi p | : ^ t5e 

fflflttBC0NTI**fttt*2 1 J:0*aj*tttRPi:ttLT«W*fii3!r 
&*Mrt-*„ WilSCO N T P |§®GD 2 HfrffifZfittSteSfcttiB L"3 

^«rt»-i-5«*»2 2 AKS^Sns^aiAtfffiTrSo S&gp 2 2 A, 2 2 

BW2 2c a>tttti«&«ii «yms c o n t ttu* * fnom c o n t « z 
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*i Id. £C>£1 8i;:»*£ftfcfca&&g#LfcgftSB2 2 A0D Y&^ft 

idfcltSia;«{4*t,ffl[tHti:S^^T:^*tiSo Lfe^oi, fflfspitsco n 

Tit, 5©ft^iJigm^lJ f ^1-2>7fe(D^^fSTL/cg^P2 2 

A(DM(i«lwWr*1t«liacJ^Tx MfiP±K:fcl\-CftJ&1 8^St2,li 

ON Tlizaftfel 8©(st«iff«!*iB1SS«MR YlclBtB-*-* (7fy7S4) 0 

£ fcs $'J^^M C O N T ligffi P £ X ii^fSjKl^S Lqo« P li^LTttH 

C13T^ ISIt^SM R YI3I* N St£PlCttLTRJrM©/f*->&^fSjg-Cr/** 

->*<te¥**is^^a^©ftjsi 8iiMr%L$uttis«*«iBit*^TLvs 0 

:0)LS^ttlt ftJttl 8<D*Z2{zm-t2> L§U1, ^GD5> 3 *y h 

««i3ol\-c©ajsi 8 com (») izK-r* HMim 0 ftispuscoN t 

^ MtfrlB L # t ^-fiSJii Tl: & ti l£S45 P CDH^ ZMtjjiz'rfo Z % 
TZo f »^aCONTIi, iB««*MRY»3lB*l**l-Ct»SttJaf3 
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13 81*. tk&ft¥ftP L<D9bffi&ft&&mi-mwm-eSl>Zo ®8lZt$^T, & 
L<D9cm$HDli¥m*6 OhStSP fc©l«tl4J«#5 0#;Ttfc£*iT 
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(D&m&mfit ^(4«Tao»ann« a r 5 0 iii&tt nrig&tfcwiitti* & 
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28 



WO 2004/053958 



PCT/JP2003/015737 



*X«tb*7 0©«at&7 1 frSI*tfa*ft3tttt©*tii3teL a (Do *>-SP:xii£ 

sp) (D3t^*-?6 oftaar*j:atia!3e**iTt\So 7*-*^«i±i*7 oi* x 
i*mmw) it. xYw-mizu&wirtemBmiite^-c&K). 7t^6oo^si 

(Tim®) hBSfs) DJ^£ tfeoTU5, *«««A R©»f*:5 0I±. T^gU** 8 
K 8 2 ©TSSMXtf^f^f- 6 0 flDT«HBK:ffi* U SM^PLiiSSP 

H1 5 ci^-r -5 1:\ »S*««A Raafctts 0*i;:StfS 1 8 5 
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